Background: BRCA1-associated protein 1 (BAP1) mutations are frequently reported in clear cell renal cell carcinoma (ccRCC); however, very few studies have evaluated the role of these mutations in other renal cell carcinoma (RCC) subtypes. Therefore, we analyzed BAP1 protein expression using immunohistochemistry in several RCC subtypes and assessed its relationship with clinicopathological characteristics of patients. Methods: BAP1 expression was immunohistochemically evaluated in tissue microarray blocks constructed from 371 samples of RCC collected from two medical institutions. BAP1 expression was evaluated based on the extent of nuclear staining in tumor cells, and no expression or expression in < 10% of tumor cells was defined as negative. Results: Loss of BAP1 expression was observed in ccRCC (56/300, 18.7%), chromophobe RCC (6/26, 23.1%), and clear cell papillary RCC (1/4, 25%), while we failed to detect BAP1 expression loss in papillary RCC, acquired cystic disease-associated RCC, or collecting duct carcinoma. In ccRCC, loss of BAP1 expression was significantly associated with high World Health Organization (WHO)/International Society of Urological Pathology (ISUP) grade (p = .002); however, no significant correlation was observed between loss of BAP1 expression and survival in ccRCC. Loss of BAP1 expression showed no association with prognostic factors in chromophobe RCC. Conclusions: Loss of BAP1 nuclear expression was observed in both ccRCC and chromophobe RCC. In addition, BAP1 expression loss was associated with poor prognostic factors such as high WHO/ISUP grade in ccRCC.
▒ ORIGINAL ARTICLE ▒ Renal cell carcinoma (RCC) accounts for 2%-3% of all malignant diseases in adults. 1 Clear cell renal cell carcinoma (ccRCC) is the most common renal tumor subtype and is closely associated with von Hippel Lindau (VHL) tumor suppressor gene mutations that lead to the stabilization of hypoxia-inducible factors in both sporadic and familial forms. Recently, three tumor suppressor gene mutations, namely, PBRM1, SETD2, and BAP1, located close to VHL on chromosome 3p were reported. [2] [3] [4] Studies have reported BAP1 mutation in about 10%-15% of ccRCC cases. 5, 6 BRCA1-associated protein 1 (BAP1) is a nuclearlocalized deubiquitinating enzyme that was initially discovered as a BRCA1-associated protein and known to interact with multiple proteins. BAP1 was shown to exhibit a tumor suppressor role in several cancers through its deubiquitinase activity, thereby regulating target gene transcription, cell cycle control, DNA damage repair, and cellular differentiation. 7 Inactivation mutations of the BAP1 gene, including insertion, deletion, frameshift, nonsense, and missense mutations, have also been reported. 8 The germline mutation in the BAP1 gene is inherited in an autosomal dominant pattern. 9 Affected individuals inherit a nonfunctional BAP1 allele, as observed with other tumor suppressors, and the remaining functional allele is inactivated later in life. There is a high risk for developing tumors, including atypical Spitz tumors, uveal melanoma, cutaneous melanoma, epithelioid malignant mesothelioma, and ccRCC.
10 BAP1 germline mutations are associated with poor prognosis in uveal melanoma, cutaneous melanoma, and ccRCC. 10 Sporadic BAP1 mutations have also been identified in several tumors, including uveal melanoma, 11 malignant mesothelioma, 12 and ccRCC. The loss of BAP1 expression in mesothelial cells in effusion cytology specimens is an indicator of possible mesothelioma. 13 Nearly half of the investigated uveal melanoma tumors harbor an inactivating BAP1 mutation, which was strongly associated with the loss of BAP1 nuclear staining and other aggressive prognostic features.
14 Furthermore, several studies have revealed the association between inactivating BAP1 mutation and high grade ccRCC, 6 sarcomatoid transformation, and poor prognosis in patients with ccRCC, 15 especially in those with low-grade RCC. 16 The loss of BAP1 expression in immunohistochemical staining has been reported as a highly reliable method for the detection of BAP1 mutation. 6 Although BAP1 mutations are frequently observed in ccRCC, limited data are available on the expression of BAP1 in other RCC types.
Therefore, we evaluated the loss of BAP1 nuclear expression in several subtypes of RCC, including ccRCC, papillary RCC, and chromophobe RCC, and analyzed its relationship with clinicopathological characteristics of patients. 17, 18 Chromophobe RCC was graded according to the published parameters. 19 All cases were reviewed by two pathologists for tumor type and WHO/ISUP grade. This study was approved by the Institutional Review Board of the Hanyang University Hospital (HYUH 2018-05-005), and the requirement for informed consent was waived.
MATERIALS AND METHODS

Patient selection
Immunohistochemistry for BAP1 expression
Sections from the TMA blocks were immunostained using the Bond-max Automated immunohistochemistry (IHC)/in situ hybridization stainer (Leica Biosystems, Nussloch, Germany) according to the manufacturer's protocol. Sections (4-µm thickness) were immunostained with a primary antibody against BAP1 (1:100, sc-28383, mouse monoclonal, Santa Cruz Biotechnology, Santa Cruz, CA, USA). BAP1 expression level was evaluated according to the extent of nuclear staining in the tumor cells. The staining was scored as negative (no expression or expression in < 10% of tumor cells) or positive (expression in ≥ 10% of tumor cells).
Statistical analysis
All of the statistical analyses were performed using SPSS ver. 24.0 (IBM Corp., Armonk, NY, USA). The relationships between the groups were compared using the chi-square test, Fisher exact test, or Student's t test. Cancer-specific survival (CSS) was defined as the time interval between the date of surgical resection and the date of death due to RCC. Recurrence-free survival (RFS) was defined as the time interval between surgical resection and the date of any recurrence. The Kaplan-Meier method with the log-rank test and the Cox proportional hazard regression model were used for survival analyses. Two-sided p-values of < .05 were considered to indicate statistically significant differences.
RESULTS
Patient characteristics
The clinicopathological characteristics of the patients are summarized in Table 1 . Among 371 RCC cases, the most common subtype was ccRCC (300 cases, 80.9%). The other subtypes included in this study comprised 36 cases of papillary RCC (13 type 1 and 23 type 2 papillary RCC, 9.7%), 26 cases of chromophobe RCC (7.0%), four cases of clear cell papillary RCC, four cases of acquired cystic disease-associated RCC, and one case of collecting duct carcinoma. The age of the patients ranged from 13 to 90 years, with a median of 60 years. The median follow-up period for the patients in this study was 66 months (range, 0.1 to 167.6 months). Of the 371 patients, 11 (3.0%) had metastatic disease at the time of initial diagnosis (i.e., nephrectomy), 30 (8.1%) had experienced metastasis or relapse during the follow-up period, and 34 (9.2%) had died due to RCC by the time of analysis.
BAP1 expression and tumor type evaluation
A total of 371 successfully stained cases with adequate clinical follow-up were classified as either BAP1 negative (n = 63, 17.0%) or BAP1 positive (n = 308, 83.0%). Representative images of BAP1 staining are shown in Fig. 1 . Loss of BAP1 expression was frequently observed in ccRCC (18.7%) and chromophobe RCC (23.1%), while we failed to observe BAP1 expression loss in other renal tumor subtypes, including papillary RCC, acquired cystic disease-associated RCC, and collecting duct carcinoma. In clear cell papillary RCC, one case showed loss of BAP1 expression (Table 2 ).
BAP1 expression and clinicopathological features of patients with ccRCC and chromophobe RCC
In ccRCC, loss of BAP1 expression was significantly associated with female sex (p = .046) and high WHO/ISUP grade (p = .002). Furthermore, BAP1 expression loss was more frequent in pT2 than in pT1 category (Table 3) . Other clinicopathological parameters such as vascular invasion, tumor necrosis, sarcomatoid feature, and lymph node status showed no significant association with BAP1 expression (Table 3) .
In chromophobe RCC, no significant correlation was observed between BAP1 expression and clinicopathological parameters (Table 3) .
BAP1 expression and survival in ccRCC
Of 300 patients with ccRCC, 10 (3.3%) had metastatic disease at the time of initial diagnosis (i.e., nephrectomy), 23 (7.7%) had experienced metastasis or relapse during the follow-up period, and 26 (8.7%) had died due to RCC by the time of analysis.
Kaplan-Meier analysis and Cox regression analysis were applied to evaluate the prognostic value of BAP1 loss. Univariate analysis revealed that high WHO/ISUP grade, vascular invasion, tumor necrosis, sarcomatoid feature, high pT category, and lymph node metastasis predicted a poor outcome in ccRCC (Table 4) . However, BAP1 expression showed no association with CSS and RFS ( Fig. 2A, B) . Even in cases with low pT (pT1/2) ccRCC, loss of BAP1 expression showed no statistically significant correlation with CSS and RFS (Fig. 2C, D) .
DISCUSSION
In this study, we demonstrated the loss of BAP1 nuclear expression in chromophobe RCC and clear cell papillary RCC as well as ccRCC. Furthermore, the loss of BAP1 nuclear expression was associated with adverse clinicopathological features such as high WHO/ISUP grade in ccRCC but showed no relationship with CSS or RFS in patients with ccRCC. The Cancer Genome Atlas (TCGA) research network recently reported the molecular characterization of RCC and included 488 ccRCC, 160 papillary type 1 RCC, 70 papillary type 2 RCC, and 81 chromophobe RCC. BAP1 mutation, a chromatin remodeling gene mutation, was reported in ccRCC (11.0%) and papillary RCC (5.6%) but not in chromophobe RCC. 20 BAP1 mutation was also shown to be correlated with decreased survival in ccRCC. 20 The ratio of BAP1 loss in the present study (18.7%) was similar to that reported in previous studies. 21, 22 We also found that the loss of BAP1 expression was significantly common in female sex (p = .046). BAP1 mutation was more frequent in female patients as per TCGA data. 20, 23 We observed that BAP1 nuclear expression loss was associated with high WHO/ISUP grade in ccRCC and showed no correlation with CSS and RFS. In several studies, loss of BAP1 expression served as an independent marker of prognosis in patients with ccRCC and low-grade ccRCC. 24, 25 On the other hand, in other studies, no significant association was reported between BAP1 loss and CSS or RFS, although BAP1 loss significantly correlated with poor clinicopathological parameters. 16, 21 Differences in the prognostic associations may be related to differences in cohorts among studies. Our cohort had relatively low-grade RCC and a short follow-up period; therefore, overall cancer-specific death rate was lower than that recorded in the previous TGCA report (8% vs 33%). 20 Among non-ccRCC, papillary RCC, chromophobe RCC, clear cell papillary RCC, acquired cystic disease-associated RCC, and collecting duct carcinoma were evaluated for BAP1 expression. We observed the loss of BAP1 expression in 23.1% of chromophobe RCC (6/26) cases and in one clear cell papillary RCC case. No significant association was detected between BAP1 expression and adverse clinicopathological parameters in chromophobe RCC. Unfortunately, the number of patients with chromophobe RCC and clear cell papillary RCC was too small to evaluate proper clinical relevance. In addition, during the follow-up period, one patient died due to chromophobe RCC; therefore, survival analysis could not be performed. An additional analysis is needed to further elucidate the role of BAP1 and the relationship between loss of BAP1 expression in IHC and BAP1 mutation in chromophobe RCC and clear cell papillary RCC.
In conclusion, we revealed that BAP1 expression is associated with high WHO/ISUP grade in patients with ccRCC and that BAP1 expression loss is also observed in chromophobe RCC and clear cell papillary RCC. Further studies are needed to assess larger cohorts and associated pathological features.
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